Pleurotus eryngii was incubated on both peach and cherry agroindustrial wastes by solid state fermentation for 30 days without/with pretreatment conditions. The lignocellulosic substrates were pretreated with dilute acid and alkaline solutions, hot water before incubation. The maximum carboxymethyl cellulase and xylanase activities peaked on 3 rd and 5 th days under control conditions of both wastes, respectively. The highest laccase and manganese peroxidase activities reached to their maximum on 17 th day as 2193.06 ± 50.4 UL -1 and 732.73 ± 19.8 UL -1 , respectively. The highest aryl alcohol oxidase activity was obtained as 239.25 ± 7.3 UL -1 in control condition of peach cultures. The used pretreatment methods had generally negative effects on lignocellulolytic enzyme production. The highest lignocellulolytic activities were detected using peach wastes. To results, these wastes could be used as alternative, new and economic energy sources to produce high amounts of lignocellulolytic enzymes.
Introduction
Lignocellulosic substrate from forestry, agricultural and agroindustrial wastes is abundant, renewable and inexpensive energy sources for the production of various value added products, such as ethanol, food additives, organic acids, enzymes, and others due to their chemical composition based on sugars and other compounds of interest. 1 Also, the accumulation of lignocellulosic wastes in large quantities causes environmental problems when they could not be used for the production of these products. 1, 2 Bioconversion of lignocellulosic substrate to value added products is so difficult to its tertiary architecture consisting of primarily cellulose, hemicelluloses and lignin that are strongly intermeshed and chemically bonded by non-covalent forces and by covalent crosslinkages. Selective organisms, especially white rot fungi (WRF), can efficiently degrade lignocelluloses. 2 This degradative ability of WRF is due to their extracellular hydrolytic and ligninolytic enzyme systems. For lignocellulose bioconversion, the hydrolytic enzyme systems are divided into two groups: cellulolytic and hemicellulolytic, which contain carboxymethyl cellulase (endo-1,4-β-glucanase; CMCase), exo-1,4-β-glucanase, 1,4-β-glucanase and xylanases. Another enzyme system is ligninolytic group, which includes laccase (Lac), manganese peroxidase (MnP), lignin peroxidase (LiP) and aryl alcohol oxidase (AAO). The highly specific hydrolytic enzyme systems convert cellulose and hemicellulose carbohydrates into fermentable sugars; hexoses and pentoses. The non-spesific oxidative ligninolytic enzymes catalyze phenolic and non-phenolic compounds in lignin structure. 3 The lignocellulose-based biotechnological applications such as biopulping, biobleaching, decolorization, degradation of environmental contaminants, etc. require low cost and large scale enzymes due to increasing demand for markets. 4 Solid state fermentation (SSF) stands out in the production of lignocellulolytic and other industrially important enzymes. Examples of enzymes produced by different organisms such as Bacillus sp., Pleurotus sp., Aspergillus sp., Trametes spp., etc. under SSF using different sub-srates, wheat bran, wheat straw, apple pomace, rice straw, sugarcane bagasse, include laccase, cellulose, lipase, pectinase, protease, xylanase, amylase, etc. 5 SSF, an alternative culture method, has several advantages over the conventional submerged ones, like higher yields of enzymes. Generally, this process was carried out by using lignocellulosic wastes used as substrates and support material for microbial growth and production of several value added products. [4] [5] [6] The effective utilization of lignocellulosic components would play a significant role in economic enzyme production. For this reason, lignocellulosic substrate sometimes requires pretreatment to improve enzymatic hydrolysis by fungi. The purpose of the pretreatment is to remove lignin and hemicelluloses, reduce cellulose crystallinity, and increase the porosity of the materials. 7 Pretreatment should ideally involve requirement of low energy with no recycling or environmental costs. 8 A wide range of thermal, mechanical and chemical pretreatment methods and their combinations could be used for efficiently conversion of lignocelluloses. The pretreatment methods may vary depending on the raw material selected, but they could be eco-friendly and not increase the total economy of the bioconversion of the lignocellulosic substrate. 8, 9 The present study evaluated peach and cherry wastes as substrates for production of lignocellulolytic enzymes by Pleurotus eryngii in SSF, and is the first study in this regard. Different agroindustrial wastes were screened for lignocelluloytic enzyme production under SSF, 1 however peach and cherry wastes have not been reported in production of various industrially important enzymes including lignocelluloytic enzymes by fungi as per the published literature so far. Namely, these wastes were firstly investigated for the production of lignocellulolytic enzymes by P.eryngii, and also the use of them for SSF as substrates with or without any pretreatment conditions. These agro-industrial wastes (with and without pretreatment) were used as major nutritional sources for production of cellulases (carboxymethylcellulase (CMCase), exo-1,4-β-glucanase, 1,4-β-glucosidase), xylanase and ligninolytic (laccase (Lac), manganese peroxidase (MnP), lignin peroxidase (LiP), aryl alcohol oxidase (AAO)) enzymes by the fungus. Three chemical pretreatment processes including neutral, dilute acid and alkaline, utilized for improving the production of lignocellulolytic enzymes. The study has showed that peach and cherry agroindustrial wastes can serve as important alternative cheap substrates for economic production of lignocellulolytic enzymes by P.eryngii.
Experimental

1. Lignocellulosic Substrates and Their Chemical Compositions
Peach and cherry agroindustrial wastes from Dimes fruit juice factory, Izmir, Turkey, were collected and used as the solid substrate for the SSF. According to knowledge from Dimes fruit juice factory, the peach and cherry fruits cultivated in the Aegean region of Turkey were harvested at optimum technological maturity. Their wastes came for two or three pressing to make fruit juice. The chemical compositions of both wastes were analyzed before and after all pretreatment methods. The total carbohydrate, protein and lignin contents of them were colorimetrically determined by the phenol-sulfuric acid method, 10 Bradford dye-binding assay, 11 and thioglycolic acid method, 12 respectively. In addition, cellulose levels after acid hydrolysis in these wastes were determined gravimetrically. 13 
Media Preparation
The white rot fungus P. eryngii (DC.) Gillet (MCC58) was used in this study and obtained from Agroma Mushroom Cultivation (Denizli, Turkey). This strain was selected as a suitable organism for bioprocessing of SSF for its potential for higher lignocelluloytic enzyme production.
14 P. eryngii cultures were maintained on maltpeptone-agar medium at 4 ± 1 °C and transferred every month to fresh medium, and then incubated at 25 ± 1 °C during 12 day. For enzyme production, untreated peach and cherry agroindustrial wastes and pretreated wastes were used as substrates for growth media. They were stored at -20 ± 1 °C prior to use. SSF was carried out in 100 mL Erlenmeyer flasks containing 5.0 g of these wastes as major nutritional sources and 10 mL of basal culture medium of the following composition per liter: NH 4 15 The ratio between amount of solid waste and volume of basal medium was adjusted at 1:2. 16 The moisture levels of peach and cherry wastes after adding the basal culture medium in this study were 18.41 ± 1.6 and 39.73 ± 3.5%, respectively. Also, the final pH of the medium was adjusted to 6.0 after sterilization. Three agar plugs (1 cm 2 disks) cut from actively growing culture (12 day old), were used as inoculums. The fermentation was carried out in a controlled environment with temperature at 28 ± 0.5 °C for 30 days under stationary condition in complete darkness. Under control conditions, the agroindustrial wastes were directly used without any pretreatment methods. Samples from flasks were harvested after 3, 5, 7, 10, 12, 15, 17, 20, 26 and 30 days of cultivation. Experiments were done triplicate and samples were analyzed in triplicate.
3. Pretreatment of Agroindustrial Wastes
The both peach and cherry wastes, lignocellulosic substrates, were pretreated with dilute acid (sulfuric acid 1.0%, w/v) and alkaline (sodium hydroxide 1.0%, w/v) solutions, hot water. The hot water treatment was named as neutral pretreatment, while alkaline treatments could be named as base pretreatments. At all pretreatment methods, the substrate at a solid loading of 10% (w/w) was mixed with pretreatment agents and pretreated at 100 °C with 60 minutes. And also, the substrate was washed until the pH adjusted to initial pH value at dilute acid and alkaline pretreatments for getting the same pH levels. After pretreatment, the substrate was separated by filtration at room temperature, and then it was ready for the utilization in SSF bioprocess.
4. Enzyme Extraction
The samples in SSF were mixed with 25 mL of 50 mM sodium-acetate buffer (pH 5.0) two times and stirred at 180 rpm for 1 hour on ice bath to extract the samples. Solids were separated by centrifugation (4 ± 1 °C, 15000 rpm, 10 minutes). 16 The lignocellulosic substrate was completely removed after centrifugation and the clear supernatant was obtained. The all supernatants were used for measurements of the extracellular lignocellulolytic enzyme activities and analysis's of protein, reducing sugar and nitrogen amounts.
5. Assay of Enzyme Activities
CMCase and xylanase activities were estimated by the dinitrosalicylic acid method (DNS) using 2% carboxymethyl cellulose and xylan from beechwood in the sodium citrate buffer (50 mM, pH 4.8) as the substrates with glucose and xylose as the standards, respectively. 17, 18 Exoglucanase and β-glucosidase activities were monitored using 2.0 mM p-nitrophenyl-β-cellobioside and p-nitrophenyl-β-glucopyranoside in the sodium acetate buffer (50 mM, pH 5.0) as the subtrates, respectively. 17 Lac activity was assayed by measuring the oxidation of 2, 2-amino-bis (3-ethyl benzothiazoline-6-(sulfonate) according to Johannes & Majcherczyk with minor modifications using 5.0 mM 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) as a substrate and sodium acetate buffer (100 mM, pH 4.5). 19 MnP activity was measured by 2, 6-dimethoxyphenol oxidation, 20 mM, with minor modifications in the presence of hydrogen peroxide (4 mM) and manganese sulfate (30 mM). 20 LiP activity was determined by the oxidation of veratryl alcohol to veratraldehyde in the presence of hydrogen peroxide using sodium tartarate buffer (125 mM, pH 2.5). 21 AAO activity was assayed spectrophotometrically using veratryl alcohol as a substrate with no adding hydrogen peroxide. 22 The all enzymatic activity of 1 U was defined as the amount of enzyme that transforms 1 μmol substrate/minute in terms of volumetric activity.
6. Estimation of Protein, Reducing Sugar and Nitrogen Contents
Protein concentrations were measured using the Bradford dye-binding assay with bovine serum albumin as standard. 11 Reducing sugars levels were measured by the DNS method using D-glucose as standard, according to Miller. 23 Ammonium nitrogen content was assayed by the phenol-hypochlorite method using (NH 4 ) 2 SO 4 as standard. 24 
7. Statistical Analysis
All statistical analyses were performed with the program SPSS 15.0 for Windows. The all values were the mean of three separate experiments.
Results and Discussion
Selection of appropriate lignocellulolytic organisms for SSF is one of the important factors via useful agricultural solid substrates. In this study, P.eryngii was used for enzyme producer due to its lignocelluloytic ability. 16, 25 The chemical compositions of untreated and pretreated peach and cherry wastes are demonstrated in Table 1 . According to the obtained results, the lignin and protein concentrations for untreated peach waste were higher than that of untreated waste cherry. The lignin concentrations in both wastes were higher when compared to other lignocellulosic wastes; while the cellulose concentrations in Peach Cherry peach and cherry wastes were lower. 1 Also, the total carbohydrate concentrations with all pretreatments in both wastes increased, while lignin concentrations in those were reduced by them. This may be due to the different structural properties of peach and cherry waste. In other words, peach wastes have softer fiber when compared to intact fiber of cherry wastes.
The reducing sugar and nitrogen levels in all growth media decreased rapidly up to 3 rd day of cultivation, but not depleted fully by P.eryngii, so that the cultivation was reached to carbon and nitrogen-limited conditions. In addition, good colonization on these wastes with control and pretreated conditions was achieved with P.eryngii, fungal growth being observed from the second day of the fermentation, and complete colonization of fungus was observed within 30 days of cultivation. Also, the protein production in P.eryngii enzyme supernatant were changed up to 187.78 ± 8.6 ppm for cherry wastes with and without pretreatment conditions, and this value was 1.26-fold higher than that of control (p < 0.05). The highest protein production was obtained in acid pretreated condition followed by alkaline, neutral pretreatment and control conditions, respectively. On the other hand, the highest protein production in control conditions of peach cultures was determined as 303.49 ± 10.2 ppm on 20 th day following alkaline, neutral and acid conditions, respectively. According to obtained results, the observation of the consumption of glucose and nitrogen by P.eryngii, fungal growth and protein production could be proofs that these peach and cherry wastes generated by food processing industries were good substrates for producing lignocelluloytic enzymes. Also, the use of peach and cherry wastes for economically production of these enzymes in this research has an importance and novel with regards to literature, most agro-industrial wastes used to produce lignocellulolytic enzymes by WRF have not been published since to date.
Lignocellulosic materials are recalcitrant to fungal hydrolysis due to their composite structure.
3 Effective pretreatments should improve the lignocellulolytic enzyme production, but selection of these methods is great importance for economic SSF process. According to the literature, there is no study about lignocelluloytic enzyme production by P.eryngii using peach and cherry wastes with and/or without any pretreatment conditions. The activities of CMCase and xylanase showed similar trends under control and neutral-treatment condition of peach cultures. The both cellulolytic enzyme activities under control conditions of peach cultures were increased up to 5 th day of incubation, and then decreased. The highest levels of these enzymes were determined as 3.64 ± 0.02 U mL -1 and 3.08 ± 0.02 U mL -1 , respectively. Similarly, the maximum values of CMCase and xylanase enzymes were detected as 1.30 ± 0.01 and 1.16 ± 0.01 U mL -1 on the 3 rd day of incubation under control condition of cherry cultures. The decrements in both enzymes were observed after all treatments in peach and cherry cultures as can be seen in Figures. 1 and 2 . That is, the CMCases in both cultures were produced simultaneously with xylanases by the P.eryngii during the cultivation period. Dias et al. have noted that during the SSF period the very low CMCase activities were detected in both Irpex lacteus and Euc-1 strains compared to our maximum CMCase activities of peach and cherry cultures by P.eryngii. 26 In that study, I. lacteus and Euc-1 showed a peak of xylanase activity (0.08 U mL -1 ) after 10 days of incubation. On the other hand, Sharma and Arora researched which supplements were enhanced the lignocellulolytic enzyme activities of Phlebia floridensis by using paddy straw of SSF. 27 According to their results, the maximum CMCase and xylanase activities were respectively recorded as 3.27 and 1.83 U mL -1 on supplemented conditions, namely control values were below them. Naraian et al. subtracted lignocellulolytic enzyme profiles of Pleurotus spp.; Pleurotus florida, Pleurotus sajor-caju and P.eryngii. 28 The CMCase and xylanase activities separately ranged from 198 to 317 U L -1 and from 178 to 269 U L -1 as well as they attained very low Lac and MnP activities by these strains. Moreover, Saritha et al. illustrated that Trametes hirsuta used paddy straw as a carbon source and produced the highest CMCase activity 0.71 U mL -1 on the 15 th day of incubation and this value was 5.13-fold lower than that of our result in obtained peach culture. 29 The β-glucosidase activities were increased up to 20 th day of incubation, then decreased on both peach and cherry cultures. In peach cultures, the maximum β-glucosidase activity was attained in alkaline-treated cultures followed neutral, control and acid conditions. The maximum activity was found as 29.96 ± 0.9 U L -1 , which was 2.35-fold higher than that of control (p < 0.05). Similar to peach culture, the highest β-glucosidase activity was obtained as 35.67 ± 1.1 U L -1 in alkaline-treated of cherry cultures, which was 1.52-fold higher than that of control (p < 0.05). In addition, when the cherry wastes were pretreated with dilute acid solution and hot water, this enzyme activity decreased approximately 50% (p < 0.05). The very low exoglucanase activities were detected in all conditions of peach and cherry cultures. The exoglucanase activities in P.eryngii enzyme supernatant were changed up to 42.57 ± 1.2 U L -1 for substrates peach and cherry wastes with and without pretreatment conditions during 30 days of cultivation. The highest exoglucanase activity was detected as 42.57 ± 1.2 U L -1 (3 rd day) in control condition of peach cultures, while 13.15 ± 0.2 U L -1 (20 th day) in alkaline pretreatment of cherry cultures. There were a few studies about exoglucanase and β-glucosidase production by Pleurotus spp. 30 Similar to our activity values, β-glucosidase activities of Pleurotus spp. were extremely low. 28 According to literature, fungi generally have not produced all of cellulolytic enzymes. Thus, the consortium cultures have stood out in fungal cellulolytic system and Pleurotus spp. secrete dominantly CMCase of them in peach and cherry cultures of SSF. 31 The maximum Lac activities in P.eryngii enzyme supernatant ranged from 337.29 ± 11.2 to 2193.06 ± 50.4 U L -1 for peach and cherry wastes with and without pretreatment conditions during 30 days of cultivation as shown in Figure 3 . The maximum Lac activities in control conditions of both cultures were attained, and also they were decreased slightly under all pretreatment conditions. Also, the highest Lac activities in peach and cherry cultures were respectively determined as 2193.06 ± 50.4 U L -1 (17 th day) and 1297.22 ± 34.6 U L -1 (10 th day). There were insignificant differences among Lac activities in control conditions of cherry cultures on 7, 10 and 12 th day of incubation (p > 0.05). Stajic et al. showed that the maximum Lac activity by Pleurotus ostreatus was attained as 746.1 U L -1 on the 10 day of incubation using grapevine sawdust as a substrate. 32 When compared to other research of Dias et al., 26 four white rot fungi screened for Lac production during 46 days and only Euc-1 produced this enzyme (the highest activity of 100 U L -1 ; at the end of the incubation period) using wheat straw. There were insignificantly differences between the highest Lac activity obtained from grape culture with the same strain 16 and peach culture in this study.
As depicted in Figure 4 , the highest MnP activity was obtained under control condition followed by alkaline, neutral and acid pretreatments of peach cultures. Concurrently, the highest activity in this culture was detected on 17 th day as similar to activity of Lac. On the other hand, the maximum MnP activity was obtained under control condition of cherry cultures followed alkaline pretreatment. Also, they were approximately same in acid and neutral pretreatments of cherry cultures, while their levels were lower in activity of alkaline pretreatment. The highest MnP activity in peach cultures was found as 732.73 ± 19.8 U L -1 on the 17 th day of incubation. Stajic et al. showed that the maximum MnP activity by P. ostreatus was attained as 10.3 U L -1 (10 th day) using grapevine sawdust as a substrate and the highest activity obtained was 71.14-fold higher than that of their results, 32 while Isikhuemhen et al. researched the lignocellulolytic enzymes activities from corn stalks under SSF by white rot fungus, Lentinus squarrosulus Mnt. during 30 days of incubation, and they determined the highest MnP activity as 13 U L -1 on the 6 th day. 33 Also, the highest MnP activity in this study was 2.68-fold higher than the activity determined with Euc-1 strain. 26 Additionally, the effects of lignocellulosic apricot and pomegranate wastes on ligninolytic enzymes by P.eryngii under SSF conditions were investigated. The highest Lac and MnP activities in this study were 1.36-and 1.26-fold higher than obtained in that study. 34 Generally, there were little LiP activities in Pleurotus sp. according to literature. 16, 35 Insignificant levels of LiP activities were detected in all untreated and pretreated of both cultures with similar trends in this study. The highest value was detected as 94.09 ± 4.1 U L -1 in peach cultures was 2.50-fold higher than that of cherry culture under control conditions (p < 0.05). The declines in LiP activities were observed after pretreatment of peach and cherry cultures. Comparing peach and cherry cultures in all conditions for AAO activities, the highest value was achieved as 239.25 ± 7.3 U L -1 in control condition of peach cultures as shown in Figure 5 . The activities in control condition of peach cultures were continuously increased up to 17 th day of incubation, and then decreased. After pretreatment of peach cultures, the very important decreases in AAO activities were observed, approximately 9.2-fold (p < 0.05). Similar to peach cultures, the maximum AAO activity was obtained as 91. 4 these results were lower than our highest LiP activity value. When these results were compared to the results of Akpinar and Ozturk Urek, the highest LiP and AAO activities in this study were 1.82 and 1.52-fold higher than that of these attained in optimal conditions, separately. 16 Moreover, Guillén et al. detected very low AAO activities by P.eryngii. 36 According to literature, most WRF secrete at least two ligninolytic enzymes, whereas P.eryngii secretes three of them during SSF conditions in this study. Ruqayyah et al. studied that the ligninolytic enzyme activity of two Panus tigrinus strains on the substrates; rice straw, rice husk and cassava peel. 37 According to their results, rice husk stimulated maximum Lac (2556 U L -1 ) and LiP (24 U L There were few studies about lignocellulolytic enzymes especially hydrolytic enzymes produced by Pleurotus species using lignocellulosic wastes according to literature. 30 Namely, this study presented that P. eryngii could have the ability to degrade cellulose, hemicellulose and lignin in peach and cherry agroindustrial wastes due to its enzymatic complex. According to the results, there could be a relationship between secretion times of hydrolytic and ligninolytic enzymes. Firstly, the hydrolytic enzymes were produced by P.eryngii and then the ligninolytic enzyme secretion was started when other enzyme activities were lowered at the beginning time of incubation. Thus, it could be originated from the lignocellulosic structure of agroindustrial wastes. 2, 3 The lignocelluloytic activities were generally decreased with pretreatments methods in the presence of peach and cherry wastes as substrates. β-glucosidase and exoglucanase activities in cherry cultures were increased at alkaline pretreated conditions, while the β-glucosidase activity in peach cultures only was increased at the same conditions. On the both cultures, the CMCase and xylanase reached their highest activity at the initial days of incubation, while the highest ligninolytic enzyme activities occurred after 7 th day of incubation due to their synergetic interactions among each other. On the other hand, the maximum β-glucosidase activities were attained after the CMCase and xylanase activities were decreased. Thus, it could be held model for the synergism between CMCases, xylanases and β-glucosidases. 38 In addition, the findings of higher lignocellulolytic enzyme activities under control condition of both cultures could be associated with the industrial fruit juice process steps.
In this study, the main components of these wastes were analyzed to investigation their changes during all pretreatments and the effects of the changes on lignocellulolytic enzymes production by P. eryngii. After all pretreatments, the chemical compositions of the wastes changed. Generally, the lignin contents decreased, while the total carbohydrate contents increased. Also, the protein contents in all conditions were approximately same with each other. The highest decreases in cellulose contents of both wastes with alkaline-pretreated were observed followed by acid-pretreated. Likewise, the decreasing in most lignocellulolytic activity could be brought by the treatment of wastes and mainly depend on reducing cellulose contents after treatments. Also, it could be explained by the release of furfural and hydroxymethylfurfural derivatives from hexoses and pentoses in the lignocellulosic wastes following the pretreatment. The excess of these substances could affect the microbial growth and the production of enzymes. 39 On the other hand; the efficiency of pretreatment methods depends on different factors such as composition of lignocellulosic wastes, chemicals, processing time, etc. 40, 41 These parameters should be optimized in subsequent experiments for higher lignocellulolytic enzyme yields.
The purpose of this study was to reveal the potentials of peach and cherry wastes as nutrient and carbonenergy sources in economic production of lignocellulolytic enzymes which are practiced on the many biotechnological applications. The fact that these cheap and easily available wastes were firstly utilized in the lignocellulolytic enzymes production having biotechnological importance plays roles in both providing economic efficiency of the process and bringing about the disposal of them. On the other hand, the P. eryngii grew on these wastes and produced high amount of lignocellulolytic enzymes when compared to literature. Pleurotus sp. appear to play a role in the production of ligninolytic enzyme rather than hydrolytic enzymes. For this reason, it is observed that peach and cherry wastes were highly potential when the efficiency of the used wastes in enzyme production is evaluated. In our another study, apricot and pomegranate agro-industrial wastes contained high lignocellulosic contents, but the enzyme productions were lower than those in this study. 34 Especially, the carbon sources constituted extremely large amounts of the process costs. 42, 43 and thus the utilization of these wastes by P. eryngii notably reduced the product costs of these enzymes. In addition, there could be unimportant effects on lignocellulolytic enzymes production using these pretreated wastes as some pretreatments methods were performed in order to ensure the availability of them by it. According to our results, the first utilization of these peach and cherry wastes by 
